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Summary

Objective: The UK’s impending departure (‘Brexit’) from
the European Union may lead to restrictions on the immi-
gration of scientists and medical personnel to the UK. We
examined how many senior scientists and clinicians were
from other countries, particularly from Europe, in two time
periods.

Design: Cross-sectional study.

Setting: United Kingdom.

Participants: Individuals who had been elected as
Fellows of the Royal Society or of the Academy
of Medical Sciences, and UK medical doctors currently
practising and listed in the Medical Register for 2015.
Main outcome measures: Percentages of Fellows of the
Royal Society, Fellows of the Academy of Medical Sciences
and UK medical doctors by nationality (UK and Irish: UKI,
European: EUR and rest of world: RoW) over time. Fellows
of the Royal Society and the Academy of Medical Sciences
proportions were assessed for two time periods, and doc-
tors over decades of qualification (<1960s to 2010s).
Results: Percentages of European Fellows of the Royal
Society increased from 0.8% (1952-1992) (the year the
UK signed the Maastricht treaty) to 4.3% (1993-2015).
For Fellows of the Academy of Medical Sciences, percent-
ages increased from 2.6% (pre-1992) to 8.9% (post-1992)
(for both, p < 0.001). In the 1970s, only 6% of doctors were
trained in the EU; the proportion increased to 11% in the
last two decades (also p <0.001). Europeans replaced
South Asians as the main immigrant group. Among these,
doctors from the Czech Republic, Greece, Poland and
Romania made the largest contribution.

Conclusions: Any post-Brexit restriction on the ability of
the UK to attract European researchers and medical doc-
tors may have serious implications for the UK’s science
leadership globally and healthcare provision locally.
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Introduction

The UK joined the European Union (EU) in 1973 and
signed the Maastricht Treaty in 1992. This provided
for the ‘four freedoms’ of the EU: free movement of
goods, services, capital and labour across borders. On
23 June 2016, the UK voted by a narrow margin to
leave the EU. The exit process (‘Brexit’) will not take
effect until 1 April 2019. Until then, negotiations will
address several key components of the UK’s relation-
ship with the EU, including research, innovation and
healthcare delivery.'

We evaluated the role and contribution of senior
overseas scientists and healthcare professionals to
high-level research and healthcare provision in the
UK. Overseas scientists consisted of two groups: the
other 26 EU Member States (excluding Ireland as
well as the UK), plus Iceland, Norway and
Switzerland (EUR), and all other countries excluding
the EUR, the UK and Ireland (rest of the world,
RoW). Data for the UK and Ireland (UKI) were
combined as Irish citizens currently enjoy unre-
stricted freedom to live and work in the UK.

The foreign-born population in the UK increased
from 3.8 million in 1993 to 8.7 million in 2015, rep-
resenting 7.0% and 13.5%, respectively, of the total
population,” but it is still less than the percentages in
Ireland and Sweden (16%), Canada (20%), and
Australia and Switzerland (28%).?

There is evidence that the UK has benefited sub-
stantially from the presence of foreign-born research-
ers. They accounted for 29% of academic staff in
2015-2016* and 39% of the cancer researchers in
2014-2016 with non-British names (of whom half
had continental European names), many of whom
will have been first-generation immigrants.” In this
paper, we sought to examine the contribution
made at the highest levels of science by individual
foreign-born researchers. We therefore determined
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their presence among Fellows of the Royal Society
and of the Academy of Medical Sciences. These inde-
pendent bodies recognise individuals who have
excelled in their respective fields, and thus have con-
tributed substantially to high-level UK science/
research.

The UK’s continued excellence and investment in
medical research has led to positive benefits, includ-
ing healthier and longer lives.® Therefore, we also
examined the role of foreign-born doctors in the
delivery of care in the UK. Specifically, we looked
in the General Medical Council Register of doctors
for the presence of UK medics who were trained
abroad, including the numbers in senior positions as
hospital consultants (specialists), those working as
general practitioners and their year of qualification.
Medical practitioners are responsible for the clinical
application of scientific knowledge, but many also
conduct scientific research.

Methods

We sourced nationality data for each Fellow of the
Royal Society and of the Academy of Medical
Sciences from their online profiles or based on their
country of birth; failing that, the country of first
degree was used as a proxy. For medical practitioners,
the country of medical qualification was employed.

Fellows of the Royal Society and the Academy of
Medical Sciences

Fellows of the Royal Society were identified from the
Society’s Yearbook’ and Fellows of the Academy of
Medical Sciences from an electronic list, kindly pro-
vided by David Silverthorne and Russell Crandon,
respectively. Overall, lists of 1433 current Fellows of
the Royal Society and 1155 current Fellows of the
Academy of Medical Sciences were obtained, which
included their titles, full names, institutions and years
of election. We focused on the 1056 Fellows of the
Royal Society and 1100 Fellows of the Academy of
Medical Sciences based in the UK.

We obtained details of their nationality and/or
education from Who's Who (www.ukwhoswho.
com/) and noted the country of their first degree.
This was used as a proxy for national origin if coun-
try of birth or original nationality were not available.
As many Fellows are medical doctors, the UK
General Medical Council Register was also used,
since it gives the city of their medical qualification.
For those individuals who could not be identified
from these sources, details of their education were
sought from their curricula vitae, via the websites of
their affiliated institutions.

We tested the hypothesis that country of first
degree was a good indicator of nationality by an
examination of the nationalities of the 33 Fellows of
Royal Society who received their first degree ina EUR
country and for whom the country of birth could be
identified (N =26). For 23 of the 26, there was agree-
ment between country of first degree and country of
birth (89%). Of the three individuals where it differed,
two of them graduated in Belgium, but were born in
Luxembourg and in Zaire (now the Democratic
Republic of the Congo). Luxembourg’s main univer-
sity, the University of Luxembourg, was only founded
in 2003, while Zaire was under Belgian colonial rule
until 1960, so it would have been natural for these
Fellows of the Royal Society to go to Belgium for
their education. Thus, country of birth can be reliably
used as an indicator of nationality.

The institutions in which all Fellows received their
first degree were categorised by both their country
International Organization for Standardization
(ISO) code and world region (UKI, EUR or RoW).
Individuals whose academic qualifications could not
be found were classified as unknown. The UK-based
Fellows of the Royal Society were grouped into two
time periods (1952-1992 and 1993-2015), represent-
ing time periods pre- and post-Maastricht treaty, and
by the country/world region of their first degree. The
Academy of Medical Sciences was only founded in
1998 (compared with 1662 for The Royal Society),
so its UK-based fellows were grouped into periods
1998-2002 and 2003-2015.

For all the comparisons, the statistical test used
was the chi-squared value for the Poisson distribu-
tion, with one degree of freedom. In principle, signifi-
cance was judged by whether p < 0.05, but in practice
for almost all the comparisons, we found that
p < 0.05.

Medical practitioners

The General Medical Council Register for April 2015
was used to identify individual medical practitioners
within the UK. The register is publicly available and
includes details of each doctor’s full name, sex, year,
place of first medical qualification and current status
on the register (whether they are with or without
licence to practise, and whether they are specialists
or general practitioners). Only doctors registered
with a provisional or full medical licence were
included in our analysis. Some 235,285 practitioners
were identified, with the oldest doctor qualifying in
1939 and the youngest in 2013. The country of first
medical qualification was noted, and then categorised
into three world regions (UKI, EUR and RoW).
Those from the RoW were further sub-categorised
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into nine sub-regions: Africa (AFR); Asia (ASI);
Australasia and Oceania (AUS); Eastern Europe
(EEU); Islamic World (ISL, countries in Maghreb
and Middle East); Latin America (LAT); North
America (NAM); South Asia (SAS, Pakistan, India,
Bangladesh, Sri Lanka); and the West Indies (WIN).
The year of first qualification was classified into dec-
ades between the 1940s and earlier to the 2010s.

Results

Fellows of the Royal Society and the Academy of
Medical Sciences

Of the 1056 Fellows of the Royal Society who were
based in the UK, as expected, most graduated from
UK and Irish universities (N=921, 87%), followed
by the RoW (N=100, 10%) and then Europe
(N =33,3.1%). We were unable to classify two fellows
(0.2%). Those who graduated from universities in
EUR countries have increased markedly since the
UK signed the Maastricht treaty, while the numbers
from the RoW universities have remained constant.
For EUR graduates, the percentages increased from
0.8% (N=3/360; one each from Austria, Romania
and Sweden) in the period 1952-1992 to 4.3%
(N=30/696; nine from Germany, four from
Switzerland, three each from Austria and Hungary,
two each from Belgium, Denmark, Italy and Sweden,
and one each from the Czech Republic, France and
Greece) in the period 1993-2015 (p < 0.001) (Figure 1).
This represents a five-fold increase. Had the ratios
remained constant, we would have expected just six
European-born fellows in the latter period. In the same
time periods, there was little change in the number of
fellows from the RoW: 8.6% (N =31/360) rising to
9.9% (N=169/696) (p=n.s.). Among Europeans, the
main originating countries were Germany and Austria;
in the RoW, the leading foreigners were Americans
(N'=24) and Australians (N = 20).

Of the 1100 Fellows of the Academy of Medical
Sciences based in the UK, UKI fellows made up the
largest portion (N =869, 79%), while 61 qualified from
EUR (5.5%) and 89 in the RoW (8.1%). The country
of first degree for 81 individuals (7.4%) was unknown.
The percentage of Fellows of the Academy of Medical
Sciences who graduated in EUR countries has
increased greatly from 2.6% (N =15/584; three from
Switzerland, two each from Greece and Hungary, and
one each from Denmark, France, Germany, Italy,
Malta, Poland, Portugal and Sweden) in the earlier
period to 8.9% (N =46/516; 11 each from Germany
and Italy, four each from Belgium and France, three
from Switzerland, two each from Denmark, Malta and
Spain, and one each from Austria, Finland, Greece,

Figure |. Percentages of Fellows of the Royal Society
(FRS) who were trained in the UKI (UK and Ireland), other
European countries (EU countries excluding the UK and

Ireland, and including Iceland, Norway and Switzerland)
(EUR) or the rest of the world (RoW) across two periods
(1952-1992; 1993-2015). Note: false origin.
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Hungary, Poland, Portugal and Sweden) subsequently
(p <0.001). By contrast, the number of Fellows from
the RoW was similar in both periods (N =46, 7.9% to
N =43, 8.3%, p=n.s.) (Figure 2). EUR-origin fellows
graduated predominantly from Germany (N = 12) and
Italy (N =11), while most RoW-origin fellows gradu-
ated from Australia (N=19), the USA (N=17) and
South Africa (N =15).

Medical practitioners

Of the 235,285 doctors in the medical register with a
provisional or full licence to practise in the UK,
approximately 36% were trained abroad (EUR:
10%, RoW: 26%, Figure 3). Until the 2000s, the
majority of doctors qualifying outwith the UK
received their first medical degree from South Asia,
peaking at 70% during the 1960s and then decreasing
over time to their current historically low levels. South
Asian-trained doctors qualifying in the 1970s com-
prised 19% of the total, compared with just 6% for
European-trained doctors; however, by the 2000s,
both groups represented about 12%. The numbers
of EUR-trained doctors have increased markedly in
the last two decades (from 7615 in 1973-1992 to
15,409 in 1993-2012) to become the dominant for-
eign-trained group since 2004 (Figure 4). In particu-
lar, percentages of doctors trained in the former
Communist Member States of the EU have risen
from 33% of all European-trained doctors in the
1990s to 40% in the 2000s and to 55% in the 2010s
(for both, p<0.001). Of the 15 most prominent
European countries, doctors qualifying from Greece,
Romania and Italy (in the 2000s) and Poland (in the
2010s), and particularly the Czech Republic (all
p<0.001), have shown large increases, while
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Figure 2. Percentages of Fellows of the Academy of
Medical Sciences who were trained in the UKI (UK and
Ireland), other European countries (EU countries excluding

the UK and Ireland, and including Iceland, Norway and
Switzerland) (EUR) or the rest of the world (RoW) in two
periods (1998-2002; 2003-2015). Note: false origin.
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Figure 3. Percentages of the UK’s foreign-trained doc-
tors in 2015.

AFR: Africa, ASI: Asia, AUS: Australasia and Oceania, EEU:
Eastern Europe, EUR: European Union (excluding UK and
Ireland, and including Iceland, Norway and Switzerland),
ISL: Islamic World, SAS: South Asia and WIN: West Indies.
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German-trained doctors have decreased in numbers
over the last three decades, as have those from
Ireland and Spain (Figure 5, all changes significant
with p <0.02). Numbers of UK doctors qualifying
from Africa have been declining continuously since
the 1980s (when they represented 23% of foreign-qua-
lified medics), with the lowest levels observed during
the last decade (8%). The decreases from the 1980s to
the 1990s, and from the 2000s to the 2010s, were
highly significant (p <0.001), but the change from
the 1990s to the 2000s was not significant.

In terms of level of service delivery, 59,770 of the
registered practitioners were general practitioners
(25%) and 71,114 were specialists (30%), while the
remaining 104,401 individuals were presumed to be
junior doctors (44%). Doctors from EUR countries

Figure 4. Number of UK doctors qualified in EUR and

South Asia (largest foreign-trained cohorts) from 1990 to
2010.
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Figure 5. Percentages of the UK European-trained doc-
tors who qualified in 15 leading European countries (other
than the UK).

CZ: Czech Republic, GR: Greece, PL: Poland, RO:

Romania, IT: Italy, HU: Hungary, IE: Ireland, DE: Germany,
MT: Malta, NL: Netherlands, LV: Latvia; SK: Slovakia, LT:
Lithuania, BG: Bulgaria.
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made up 3870 (6.5%) of the general practitioners,
11,021 of the specialists (16%) and 10,325 of the
junior doctors (10%). In the leading specialist
domains, doctors of EUR origin were among the lar-
gest foreign-trained group in cardiothoracic surgery
(N=210, 37%), general surgery (N =981, 25%) and
ophthalmology (N =515, 24%). On the assumption
that it takes approximately 10-20 years for doctors to
become specialists, from the cohort of junior doctors
who qualified in the 2000s and who are expected to be
the main source of future specialists, one in nine were
trained in EUR countries.

Discussion

Our study clearly demonstrates the positive contribu-
tion by scientists and medical doctors from EUR
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countries to high-level research and clinical care in
the UK. The numbers of UK-based Fellows of the
Royal Society and of the Academy of Medical
Sciences from the EUR countries have significantly
increased since the UK signed the Maastricht treaty.
This shows that high-level British science and medi-
cine have attracted and benefitted from an inflow of
European researchers.

There are some inevitable limitations to this study.
First, it was based only on publicly available infor-
mation. Second, the country of first academic degree
(for doctors, country of medical qualification) was
sometimes used as a proxy for nationality. We have
shown that this approach is accurate for a sample of
Fellows of the Royal Society, and it is likely to be
valid also for Fellows of the Academy of Medical
Sciences. However, individuals can have citizenship
of more than one country.

From a scientific perspective, research funding is a
key concern, as the UK is a significant beneficiary
from EU contracts.® While the UK government has
announced certain measures to guarantee EU funding
for contracts, for their full duration, that are signed
before the UK formally departs from the EU,” the
impact of these measures remains to be tested and
does not in any way address EU funding post-April
2019. A more long-term solution is required, whereby
UK researchers can continue to participate in future
EU funding programmes. In addition to the research
funding itself, collaborative research with EUR scien-
tists and prestigious programmes such as the
European Research Council grant scheme can drive
high-impact research and attract premier quality
EUR scientists to work in the UK

From a medical perspective, since 2004 doctors
from EUR countries are the largest cohort of for-
eign-qualified practitioners in the UK, with Eastern
European doctors predominating during the last
decade. This may be in part due to NHS plans, out-
lined in the General Practice Forward View, to
increase the medical workforce through the recruit-
ment of ~ 500 doctors from overseas by offering
training and language support packages.'”
However, the numbers of doctors qualifying from
other continents such as Africa and South Asia
have declined during the same time period. This
may relate to changes in immigration rules in 2010,
designed to limit the number of non-EU migrants to
the UK."' perhaps making it more difficult for inter-
national medical students from outwith Europe to
afford increased university fees or to find work in
the UK. In contrast, the free movement of EU citi-
zens and mutual recognition of professional qualifi-
cations'? will have made it much easier for UK
employers to hire EU nationals. Maintaining this

policy in a post-Brexit UK may be challenging, lead-
ing to a lack of appropriately qualified doctors prac-
tising in the NHS.

The numbers of doctors on the register may have
changed slightly, since our analysis was based on data
up to April 2015, but the broad findings are likely to
be the same. Only doctors still currently able to prac-
tise in the UK were included in the study. Many of
the doctors who would have qualified in the earliest
decades were no longer practising, mainly because
they have ecither relinquished registration or have
died. These included 6174 (70%) doctors who quali-
fied in the pre-1940s decade, 10,203 (69%) in the
1950s and 8753 (47%) in the 1960s. Thus, the pro-
portion of doctors who qualified outwith the UK
during those decades may have been underestimated.

It is not clear what a post-Brexit immigration
policy will look like in the UK or what its potential
consequences will be, especially with regard to free
movement.'*'* Immigrants to the UK are highly edu-
cated. In 2015, 47% of immigrants to the UK aged
15-64 years had tertiary-level education, compared to
30% of immigrants to other EU Member States.'”
The UK government has made a clear commitment
to reduce net migration to the tens of thousands.'®
Given that work is the main reason for migration to
the UK, this objective is only likely to be realised if
low- and middle-skilled immigrants'* are targeted.

The importance of foreign doctors who contribute
to national health delivery has been shown with the
recent report of how older patients in the US treated
by international medical graduates have lower mor-
tality than those treated by their US-trained counter-
parts.'® With the UK now officially in the process of
leaving the EU, there are concerns about how this
may affect NHS services and patient care, health
research and international cooperation.' It is dis-
tinctly possible that uncertainty about the ability of
EUR citizens to work in the UK may lead to a staff-
ing crisis, as they seek work elsewhere, despite both
the Department of Health®® and the Medical Director
of NHS England?®' publicly reassuring EU nationals
of their value to the UK health service. Specialties
with a heavy reliance on EU nationals (general sur-
gery, ophthalmology) and nursing are likely to be
seriously affected if recruitment problems are left
unaddressed. The Nursing and Midwifery Council
(NMCQC) recorded sharp declines in the number of
EU nurses registering to practise in the UK, with
just 46 registrants in April 2017 compared to 1304
in July 2016.%* The UK is unusual in its dependence
on internationally trained doctors, with 30%, com-
pared to neighbouring countries such as France (3%)
and Germany (6%).% The UK has fewer doctors per
100,000 than both these countries, half as many as in
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France and 46% of the number in Germany. With a
growing and ageing population, there are questions
on whether the increasing demands for healthcare can
be satisfied by the plans to increase medical school
places in the UK,?* particularly if these plans do not
specifically include options for medical graduates
from EUR countries to practise in the UK.

Conclusions and implications

Our results indicate a very positive and statistically
significant contribution of European scientists, aca-
demics and medical practitioners to the UK research
base and the provision of clinical care. Many immi-
grants have built strong careers that have been
rewarded with prestigious fellowships because they
have impacted positively on UK research. It is vital
that the national diversity in high-quality human cap-
ital that we have highlighted in this article is main-
tained in a post-Brexit UK research and healthcare
environment. Otherwise, there is a high risk of con-
siderable damage to the UK’s top scientific outputs
and international research reputation as well as a
concomitant reduction in quality healthcare for UK
citizens.
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